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[57] ABSTRACT 
Radiation-emitting semiconductor diodes in the form of 
diode lasers or LEDs are used inter alia in information 
processing systems. There is a particular demand for 
diodes having a low wavelength. A diode laser which 
emits at 633 nm is a particularly attractive alternative to 
a helium-neon gas laser. 

A radiation-emitting semiconductor diode comprising a 
semiconductor body with a semiconductor substrate of 
a ?rst conductivity type on which are present at least a 
buffer layer of the ?rst conductivity type, a ?rst clad 
ding layer of the ?rst conductivity type and made of 
InAlGaP, an active layer of InGaP or lnAlGaP, and a 
second cladding layer of the second conductivity type 
and also made of InAlGaP does not fully meet these 
demands: either the wavelength is comparatively high 
owing to the occurrence of an ordered structure, or the 
morphology and crystal quality of the layers is poor. 
According to the invention, the buffer layer of such a 
radiation-emitting semiconductor diode comprises 
aluminum-gallium arsenide, the aluminum content hav 
ing at least a minimum value belonging to the band gap 
of the active layer. The minimum Al content is approxi 
mately 6 at % for an InGaP band gap of 1,88 eV, and 
approximately 9 at % for 1,92 eV. As a result, an active 
layer comprising InGaP emits, for example, at 650 nm 
while the semiconductor layers still possess a good 
crystal quality and morphology. When the active layer 
of a diode laser has a multiple quantum well structure 
with comparatively thick (approximately 5 nm) well 
layers, it even emits at 633 nm. In a method according 
to the invention, a comparatively high growing tem 
perature-preferably approximately 760° C.—-and a 
buffer layer comprising AlGaAs with a suitable alumi 
num content are used. Ordering of the structure in semi 
conductor layers comprising InGaP and InAlGaP is 
counteracted by this. 

12 Claims, 3 Drawing Sheets 





US. Patent Mar. 22, 1994 Sheet 2 of 3 5,296,717 

12\ J5 
\\\\\\\\\ \\\ \\\\\\\\\ /2| 

\\\\\\\\\\\\\\>:4" Zll 
2'/1/// /// ///// 1 

////////////A" 
F IG.3 

3U 50 90 120 150 
——>IlmAl 



US. Patent Mar. 22, 1994 Sheet 3 of 3 

Aw 
[bg sec] 

5,296,717 

55 



5,296,717 
1 

RADIATION-EMITTING SEMICONDUCTOR 
DEVICE AND METHOD OF MANUFACTURING 

SAME ' 

This is a continuation of application Ser. No. 
07/691,205, ?led Apr. 25, 1991 now abandoned. 
The invention relates to a radiation-emitting semicon 

ductor diode comprising a semiconductor body with a 
semiconductor substrate of a ?rst conductivity type on 
which are at least present in order a ?rst cladding layer 
of the ?rst conductivity type, an active layer, and a 
second cladding layer of a second conductivity type, 
the cladding layers comprising indium-aluminum-gal 
lium phosphide (lnAlGaP) and the active layer com 
prising indium-gallium phosphide (InGaP) or indium 
aluminum-gallium phosphide (InAlGaP) as the semi 
conductor material, which semiconductor materials 
each comprise a mixed crystal having two sublattices in 
which the phosphorus atoms are present on the one 
sublattice and the atoms of the other elements on the 
other sublattice, and in which a buffer layer of the ?rst 
conductivity type is disposed between the substrate and 
the ?rst cladding layer. The invention also relates to a 
method of manufacturing a radiatiomemitting semicon 
ductor diode whereby at least a ?rst cladding layer of 
indium-aluminum-gallium phosphide and of a ?rst con 
ductivity type, an active layer of indium-gallium phos 
phide, and a second cladding layer of indium-aluminum 
gallium phosphide and of a second conductivity type 
are provided in that order on a semiconductor substrate 
of gallium arsenide and of the ?rst conductivity type, a 
buffer layer being provided before the application of the 
?rst cladding layer. 

BACKGROUND OF THE INVENTION 

Such radiation-emitting semiconductor diodes, espe 
cially if the wavelength of the emission is in the visible 
part of the spectrum, are suitable radiation sources-if 
designed as diode lasers-for inter alia information 
processing systems such as laser printers with which 
information is written, optical disc systems such as 
Compact Disc (Video) (CD(V)) players or bar code 
readers, by which information is read, and Digital Opti 
cal Recording (DOR) systems, by which information is 
written and read. There are also numerous applications 
in optoelectronic systems for LED versions of such 
diodes. 
Such a radiation-emitting diode and such a method 

for manufacturing same are known from the article 
“AlGaInP Double Heterostructure Visible-Light Laser 
Diodes with AlGaInP Active Layer Grown by Metal 
organic Vapor Phase Epitaxy” by K. Kobayashi et al., 
published in IEEE Journal of Quantum Electronics, 
vol. QE-23, no. 6, June 1987, p. 704. In this article, a 
radiation-emitting semiconductor diode is described on 
which an active layer of InGaP is present on a substrate 
of n-GaAs between two cladding layers of InAlGaP. 
The semiconductor materials of these layers each com 
prise a mixed crystal having two sublattices in which 
the phosphorus atoms are present on the one sublattice 
and the atoms of the other elements, in this case In and 
Ga atoms for the active layer and In, Al, and Ga atoms 
for the cladding layers, are present on the other sublat 
tice. A buffer layer of GaAs is present between the 
substrate and the ?rst cladding layer. The wavelength 
of the emission of the diode, which is constructed as a 
laser here, is approximately 670 nm (i.e. the wavelength 
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2 
in photoluminescence is approximately 660 nm, which 
corresponds to a band gap of approximately 1,88 eV). 
A disadvantage of the known radiation-emitting 

semiconductor diode is that the experimentally found 
wavelength for the emission is higher than the theoreti 
cally expected one: for example, the wavelength ex 
pected for an InGaP active layer is approximately 650 
nm, whereas approximately 670 nm or more is often 
found in practice. A similar effect occurs in the case of 
cladding layers comprising InGaAlP, where the experi 
mentally found band gap again is less than the theoreti 
cally expected one. The band gap of both the active 
layer and the cladding layer may be increased by in 
creasing the aluminum content of these layers. This 
possibility is limited, especially for the cladding layers 
which contain indirect semiconductor materials, be 
cause progressive addition of aluminum results in an 
ever smaller increase in the band gap, and doping of the 
cladding layers becomes more dif?cult. As regards the 
active layer, another possibility is to make the latter 
thinner, which, however, renders manufacture more 
dif?cult. It was found experimentally that the use of 
misoriented substrates, for example (311) or (511) sub 
strates, causes the experimental band gap-and thus the 
wavelength of the emission-to lie (much) closer to the 
theoretically expected value. The use of misoriented 
substrates, however, is more expensive and has the 
drawback that it restricts the choice of the longitudinal 
direction of the resonance cavity. 

SUMMARY OF THE INVENTION 

The present invention has for its object inter alia to 
provide a radiation-emitting semiconductor diode— 
especially a semiconductor diode laser-which does not 
have the previous disadvantage, or at least to a much 
lesser extent, and therefore combines a lowest possible 
emission wavelength with a highest possible band gap 
of the cladding layers. The present invention has for its 
further object to realise a diode having an active layer 
which comprises InGaP with a band gap which is equal 
to approximately 1,94 eV, which corresponds to a 
wavelength of approximately 650 nm for a diode laser 
(the wavelength in photoluminescence is then approxi 
mately 640 nm). In particular, the invention has for its 
object to realise such a diode which emits at a wave 
length of 633 nm, which is exactly the wavelength of a 
helium-neon gas laser. The invention also has for its 
object to provide a simple method of manufacturing 
such a radiation-emitting semiconductor diode. 
According to the invention, a radiation-emitting 

semiconductor diode of the kind described in the open 
ing paragraph is for this purpose characterized in that 
the buffer layer comprises aluminum-gallium arsenide 
(AlGaAs), of which the aluminum content has at least a 
minimum value belonging to the band gap of the active 
layer. Failure of the band gap to attain the theoretically 
expected value is found to be caused by an ordering 
occurring in the crystal (sub)lattice of the III-elements 
in the mixed crystals of the cladding layers and the 
active layer. It appears to be possible for such an order 
ing to occur in mixed crystals of various materials, the 
ordering taking place for the materials used here in the 
§(lll)A planes and resembling the ordering of the so 
called CuPt structure. Besides the substrate orientation, 
growing conditions such as the growing temperature 
were found to have an in?uence on whether or not this 
ordering takes place. Especially at a comparatively high 
growing temperature, little or no ordering takes place 



5,296,717 
3 

so that the band gap of the layer provided is a maxi 
mum. In comparison, when the known buffer layer is 
used, however, the crystal structure of InGaP or InAl 
GaP semiconductor layers manufactured at higher tem 
peratures is poor, which is very detrimental to the qual 
ity of the radiation-emitting semiconductor diode. A 
buffer layer comprising AlGaAs with an aluminum 
content higher than or equal to a minimum value be 
longing to the band gap of the active layer is surpris 
ingly found to render it possible to apply the InGaP or 
InAlGaP layers at higher than the usual temperatures 
—-and consequently with a more disorderly distribution 
of the atoms of the remaining elements over the other 
sublattice-while nevertheless semiconductor layers 
having a very good morphology and crystal structure 
are obtained. The semiconductor layers obtained as a 
result have a band gap which corresponds to a more 
random distribution of the atoms of the remaining ele 
ments over the other sublattice. This means for the 
semiconductor materials used here that, for example, 
In0,49Ga0,51P has a band gap of approximately 1,85 eV 
(with a highly ordered structure) and a band gap of 
approximately 1,94 at a substantially completely disor 
dered distribution, which corresponds to an emission 
wavelength of approximately 680-650 nm. In the case 

' of InQ,5oAlo,10Ga0,25P, for example, the band gap (in the 
case of substantially complete disorder) is approxi 
mately 2,05 eV and for In0,50Al0,30Ga0,20P this is 2,3 eV, 
which are higher values than those found for the same 
materials in an orderly structure. For an InGaP active 
layer having a band gap of approximately 1,88 eV, for 
example, the minimum aluminum content of the buffer 
layer is approximately 6 atom percent. For an InGaP 
active layer having a band gap of approximately 1,92 
eV, the minimum aluminum content of the buffer layer 
is approximately 9 atom percent. No upper limit for the 
aluminum content of the AlGaAs buffer layer was 
found. Preferably, however, the aluminum content is 
chosen to be smaller than 100 atom percent since pure 
AlAs is rather hygroscopic, which may lead to prob 
lems when the cleavage surfaces to be formed are ex 
posed to the air. To safeguard a good electric conduc 
tion, the aluminum content may be further reduced to 
those contents at which a relatively low resistivity is 
still possible. No lower limit was found for the thickness 
of the buffer layer: buffer layers having a thickness of 6 
A and an aluminum content of 20% were also very 
satisfactory. Good results were obtained with a buffer 
layer thickness between 0,1 and 1 nm. It should be 
noted that there is an AlGaAs layer between a DH 
(Double Hetero) structure and the substrate in the de 
vice described in the article "Fabrication and optical 
characterization of ?rst order DFB InGaP/AlGaInP 
laser structures at 639 nm” published in Electronics 
Letters, Apr. 26th, 1990, vol. 26, no. 9, p. 614. This does 
not relate to a radiation-emitting diode, however, since 
no pn junction is present, neither is an aluminum con 
tent speci?ed or suggested. In addition, it is apparent 
from the speci?ed wavelength of the emission of the 
InGaP, namely a photoluminescence wavelength of 670 
nm (i.e. the band gap corresponds to 1,85 eV) that the 
InGaP has a very strongly ordered distribution of the 
atoms of the remaining elements over the other sublat 
tice (the wavelength of the emission will be approxi 
mately 680 nm in a version designed as a diode laser). In 
the radiation-emitting semiconductor diode according 
to the invention, the substrate used may be a (substan 
tially perfectly oriented) (001) substrate, which is an 
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4 
important advantage, as explained above. Preferably, a 
substrate of gallium arsenide is used, but other sub 
strates, for example a silicon substrate, may alterna 
tively be used. In a favourable embodiment, the sub 
strate comprises gallium arsenide which is provided 
with a conducting layer at the lower side, an intermedi~ 
ate layer of indium-gallium phosphide or aluminum-gal 
lium arsenide and a contact layer of gallium arsenide, 
which layers are of the second conductivity type, are 
present in that order on the upper cladding layer, and 
the semiconductor body comprises a mesa-shaped strip 
adjoining its surface, which strip comprises at least the 
contact layer and is coated with another conducting 
layer which extends to outside the mesa-shaped strip 
and beyond. This strip forms a junction constituting a 
barrier with a layer situated below it. In this embodi 
ment, the current is very effectively limited to the ac 
tive region situated below the mesa-shaped strip, which 
promotes a low starting current. This embodiment has 
the additional advantage that the radiation-emitting 
semiconductor diode is of a simple structure and very 
easy to manufacture: the other conducting layer can be 
provided without a masking step. To realise a wave 
length which is as low as possible, an active layer is 
preferably used which comprises a multiple quantum 
well structure with well layers of InGaP and barrier 
layers of InAlGaP. No very thin layers are required in 
a radiation-emitting semiconductor diode according to 
the invention for obtaining a substantial increase of the 
wavelength: quantum well and barrier layers having a 
thickness between approximately 4 and 6 nm are al 
ready suf?ciently thin and are comparatively easy to 
manufacture. Thus radiation-emitting semiconductor 
diodes according to the invention were manufactured 
having an emission wavelength of 633 nm, which is 
equal to the wavelength of an He-Ne gas laser, where 
the active layer was forrued with eight InGaP quantum 
well layers having a thickness of approximately 5 nm 
separated by barrier layers having a thickness of ap 
proximately 4 nm. The cladding layers formed a so 
called SCH (Separate Con?nement Hetero) structure 
with aluminum contents of 25 at % for the separate 
confinement layers and 35 at % for the cladding layers. 
A method of manufacturing a radiation-emitting 

semiconductor diode according to the invention is char 
acterized in that the semiconductor material chosen for 
the buffer layer is aluminum-gallium arsenide with an 
aluminum content which is at least equal to a minimum 
value belonging to the band gap of the active layer, 
while a growing temperature is chosen higher than 700° 
C. In this way the disorder in the distribution of the 
atoms of the elements other than phosphorus over the 
sublattice in which these elements are present is pro 
moted, so that diodes having the desired characteristics 
are obtained. Owing to the comparatively high temper 
ature, semiconductor layer structures with excellent 
characteristics, such as a good morphology, a good 
crystal structure, and good interfaces, are obtained. 
Preferably, a growing temperature of at least 730° C. is 
chosen, while the best results are obtained with a tem 
perature of approximately 760° C. with the use of 
MOVBE as the growing technique. A minimum alumi 
num content value for the buffer layer of approximately 
6 at % belongs to a growing temperature of approxi 
mately 730° C. At 760° C. the minimum aluminum con 
tent is approximately 9 at %. In this process, the sub 
strate chosen is preferably a (001) substrate, and the 
ratio of the quantity of III and V elements offered dur 
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ing the application of the semiconductor layers is 
chosen to lie between approximately 100 and 400. These 
V/III ratios were found to be favourable for obtaining 
the greatest possible disorder in the mixed crystals of 
the semiconductor layers formed. 

’ BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

The invention will now be explained in more detail 
with reference to two embodiments and the accompa 
nying drawing, in which 
FIG. I shows in cross-section an embodiment of a 

radiation-emitting semiconductor diode according to 
the invention and FIG. 1a shows in cross-section multi 
ple active layers in FIG. 1; ‘ 
FIGS. 2 and 3 show in cross-section the radiation 

emitting semiconductor diode of FIG. 1 in consecutive 
stages of manufacture; 
FIG. 4 shows the light output plotted against the 

current of a radiation-emitting semiconductor diode 
according to the invention which comprises 9 at % 
aluminum in the active layer and is manufactured at a 
growing temperature of 700° C.; 
FIG. 5 shows the light output plotted against the 

current of a radiation-emitting semiconductor diode 
according to the invention which comprises 0 at % 
aluminum in the active layer and is manufactured at a 
growing temperature of 760° C.; 
FIG. 6 shows the half-value width of the 004 re?ec 

tion in a double-crystal measurement of a semiconduc 
tor layer comprising indium-aluminumagallium phos 
phide grown on a buffer layer comprising aluminum 
gallium arsenide as a function of the aluminum content 
of the buffer layer, the layers being grown at a tempera 
ture of 760° C. 
The Figures are diagrammatic and not drawn to 

scale, the dimensions in the thickness direction being 
particularly exaggerated for greater clarity. Corre 
sponding parts in the various examples are generally 
indicated with the same reference numerals. Semicon 
ductor regions of the same conductivity type are 
hatched in the same direction as a rule. 

DESCRIPTION OF THE INVENTION 

FIG. 1 shows in cross-section a ?rst embodiment of a 
radiation-emitting semiconductor diode according to 
the invention. The semiconductor diode comprises a 
semiconductor body having a substrate region 1 pro 
vided with a connection conductor 8, which substrate 
region is of a ?rst conductivity type, in this case the 
n-conductivity type and in this example consists of 
monocrystalline gallium arsenide. On this substrate is 
provided a semiconductor layer structure which com 
prises inter alia a ?rst cladding layer 2 of n-InAlGaP, an 
active layer 3 of InGaP, and a second cladding layer 4 
of p-InAlGaP. The phosphorus atoms in these mixed 
crystals are present on one sublattice, while the atoms of 
the remaining elements are present on another sublat 
tice. According to the invention, a buffer layer 11 of 
aluminum-gallium arsenide (AlGaAs) is present be 
tween the substrate region 1 and the first cladding layer 
2, the aluminum content having at least a minimum 
value corresponding to the band gap of the InGaP ac 
tive layer 3. In this example the band gap of a (thick) 
InGaP layer is approximately 1,92 eV, and the mini 
mum aluminum content of the buffer layer is approxi 
mately 9 at %. An aluminum content of the buffer layer 
of approximately 20 at % is used in this example. As a 
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6 
result, the layers present above the buffer layer 11 can 
be given characteristics which are required for a satis 
factorily operating diode, while they are provided at a 
comparatively high growing temperature: thus these 
layers can posses inter alia an excellent morphology, 
good crystalline characteristics, evident from inter alia 
a small line width in a double-crystal measurement, and 
excellent optical characteristics such as an intense and 
narrow luminescence peak. Thanks to the compara 
tively high temperature during the provision of the 
semiconductor layers above the buffer layer 11, the 
distribution of the III-elements over the other sublattice 
has a character which is as disorderly as possible, so that 
the band gap of the active layer (distribution of In and 
Ga atoms) of the InGaP is comparatively great, for 
example 1,92 eV, so that the wavelength is compara 
tively low. The same holds for the cladding layers 2,4 of 
InAlGaP, which at an aluminum content of 35 at %, for 
example, have a band gap of approximately 2,3 eV, so 
that the resulting diode has a starting current with a 
small temperature dependence. In the present example, 
the cladding layers 2 and 4 comprise 0,8 pm thick sub 
layers 2' and 4', which contain In0,5Alo,35Ga0,15P, and 
25 nm thick sublayers 2" and 4" (the so-called Separate 
Con?nement layers), which contain ln0,5Alo,;5Ga0,z5P, 
while the active layer 3 comprises a multiple quantum 
well structure which has eight 5 nm thick well layers 3’ 
of InGaP, mutually separated by seven 4 nm thick lay 
ers 3" of In0,5Al0,25Ga0,25P as shown in FIG. 10. As a 
result, and in spite of the comparatively great thickness 
of the quantum well layers, the radiation-emitting semi 
conductor diode according to the invention has a par 
ticularly low emission wavelength in the present exam 
ple, of 633 nm and forms an attractive alternative to 
helium-neon gas lasers which emit at the same wave 
length. Helium-neon gas lasers are much more expen 
sive and robust, and also consume more energy than 
diode lasers. The fact that the quantum well layers are 
allowed to be comparatively thick is a result of the 
disorderly distribution mentioned above and the accom 
panying comparatively great band gap. The buffer layer 
comprising AlGaAs contains 20 at % aluminum in the 
present example. The thickness of the buffer layer was 
0,1 pm in this example. Above the second cladding 
layer 4, there are present an intermediate layer 5 of the 
opposite, in this case the p-conductivity type and made 
of indium-gallium phosphide here, and a contact layer 6 > 
also of the opposite, in this case the p-conductivity type 
and made of gallium arsenide here, forming a mesa 
shaped strip 12. A conducting layer 7 is provided over 
this mesa-shaped strip, which layer forms a junction, 
which constitutes a barrier, with the intermediate layer 
5 situated below it outside the mesa-shaped strip 12. As 
a result, no or substantially no current ?ows through 
the regions 14 and 15 in the semiconductor body next to 
the mesa—shaped strip 12 below a certain voltage when 
the conducting layers 7 and 8 are included in a current 
circuit. Within the semiconductor body, there is a strip 
shaped region 13 of which the mesa-shaped strip 12 
forms part, within which region there is a pn junction 
which causes the emission of electromagnetic radiation 
in the case of a sufficiently high current in the forward 
bias direction. Since the conducting layer 7 has a good 
electrical contact with the contact layer 6, the region 13 
forms a preferential path for the electric current. In this 
example the radiation-emitting semiconductor diode is 
constructed as a diode laser, more particularly of the 
gain-guided type. This means that the emission is coher 
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cut at a sufficiently high current strength. In view of the 
diode laser construction, the mesa-shaped strip 12 is 
bounded perpendicularly to the longitudinal direction 
by two parallel mirror surfaces lying in the plane of the 
drawing, which surfaces coincide with natural cleavage 
surfaces of the crystal from which the semiconductor 
body is formed. This leads to the formation inside the 
strip-shaped region 13 in the active layer 3 of a reso 
nance cavity for the radiation generated. The diode 
laser of this example can be easily manufactured and 
possesses a very low emission wavelength but also a 
small temperature dependence of the starting current, 
and therefor a high maximum operating temperature. 
The following compositions, doping levels and thick 
nesses were used for the various semiconductor layers 
in the present embodiment, 

TABLE 
Doping 
concentr. 

Type (at/cm3) 

4" Inq$AlQ25Gaq25P P 4 x 1017 0,025 2,15 
4' InQ5AlO'35GaQ'15P P 4 x 1017 0,8 2,3 
5 111050305? P 1 x 1018 0,1 1,9 
6 GaAs P 2 x 1018 0,5 1,4 

Thickness 
(Hm) 
350 
0,1 

Band 
SIP 

1,4 
1,7 

Layer Semiconductor 

l GaAs (substrate) 
1 l Alu'zGaqgAs 

The width of the mesa-shaped strip 12 is approxi 
mately 7 pm. The conducting layer 8 on the substrate 1 
in the present embodiment is a gold-germanium-nickel 
layer having a thickness of approximately 1000 A. The 
conducting layer 7 in this example is a platinum, a tanta 
lum, and a gold layer with thicknesses of approximately 
1000, approximately 500, and approximately 2500 A, 
respectively. ' 

The radiation-emitting semiconductor diode de 
scribed is manufactured as follows according to the 
invention (see FIGS. 2 and 3). The starting point is a 
(001) substrate 1 of monocrystalline n-type gallium arse 
nide with a doping concentration of 2><l018 atoms per 
cm3 and a thickness of, for example, 350 pm. After 
polishing and etching of the surface having the (001) 
orientation, the following is grown on this surface, for 
example, from the gas phase by means of OMVPE 
(Organo Metallic Vapour Phase Epitaxy) in that order: 
a 0,5 pm thick layer 11 of the n-conductivity type, for 
which according to the invention aluminum-gallium 
arsenide with an aluminum content having at least a 
minimum value belonging to the band gap of the active 
layer and a growing temperature of at least approxi 
mately 700° C. are chosen. An aluminum content of the 
buffer layer which is at least approximately 9 at % must 
be chosen for the growing temperature of approxi 
mately 760° C. chosen here. In the present example, an 
aluminum content of approximately 20 at % is chosen. 
The subsequent semiconductor layers are provided at 
the same comparatively high temperature of approxi 
mately 760' C. Among the advantages of this is that the 
temperature need not be switched, which simpli?es the 
method and improves the quality of the interfaces be 
tween two adjoining semiconductor layers. The latter 
has the advantage that the III-elements of the subse 
quent layers are distributed as disorderly as possible 
over the relevant sublattice, so that the band gap of 
these layers is at its maximum. The doping concentra 
tion of the buffer layer 11 is chosen to be approximately 
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8 
2X 1013 atoms per cm3 in this example. In the case of a 
V/III ratio lying between 100 and 400, the following 
are provided in that order: a 0,8 pm thick layer 2' of 
n-type In0,5Alo,35'Ga0,15P having a doping concentra 
tion of 2X10l8 at/cm3, a 25 nm thick layer 2" of n-type 
In0,5Al0,25Ga0,25P having a doping concentration of 
approximately 2X 1013 atoms per cm3, an active layer 3 
comprising eight 5 nm thick layers of ln0,49Ga0,51P 
alternating with seven 4 nm thick layers of In0,5Al0,2. 
sGaqzsP, a 25 nm thick layer 4" of p-type lnqsAlqz. 
5Gao,25P having a doping concentration of approxi 
mately 4X 1017 atoms per cm3, a 0,8 pm thick layer 4' of 
p-type Ino,5Al0,35Ga0,15P having a doping concentra 
tion of approximately 4X 1017 atoms per cm3, a 0,08 pm 
thick layer 5 of p-type In0,49Ga0,51P having a doping 
concentration of 1X 1018 atoms per cm3, and a 0,5 pm 
thick layer 6 of p-type GaAs having a doping concen 
tration of approximately 1X 1018 atoms per cm3. On top 
of this, a 1 pm thick masking layer 10 is provided, for 
example, of photoresist in the form of a strip whose 
longitudinal axis is at right angles to the plane of the 
drawing of FIG. 2, which represents a diagrammatic 
cross-section perpendicular to the longitudinal direc 
tion of the resulting structure. After that, a mesa-shaped 
strip 12 is etched into the semiconductor layer structure 
of FIG. 2 (see FIG. 3), the GaAs contact layer 6 being 
removed by means of an etchant which contains NH3, 
H202, and H10 in the ratio 2:1:50, the etching rate of 
which is approximately 0,7 urn/min at room tempera 
ture. The subjacent In0,50Ga0,50P intermediate layer 5 
acts as an etching stopper layer during this. After re 
moval of the mask 10 and cleaning of the structure thus 
obtained, a conducting layer 8 is provided on the sub 
strate 1 by means of, for example, sputtering, this layer 
consisting of a gold-germaniung-nickel layer with a 
thickness of approximately 1000 A (see FIG. 1). Finally, 
a conducting layer 7 is provided over the upper surface 
of the structure, for example by the same technique, for 
example consisting of a platinum, a tantalum and a gold 
layer whose thicknesses are approximately°l000, ap 
proximately 500, and approximately 2500 A, respec 
tively. After cleaving, the individual radiation-emitting 
semiconductor diodes-in this case diode lasers of the 
gain-guide type-are ready for ?nal mounting. For 
further particulars the reader is also referred to a simul 
taneously submitted Netherlands Patent Application 
?led by Applicant corresponding‘ to U.S. Ser. No. 
690,443, filed Apr. 23, 1991. The advantages mentioned 
above of a comparatively high growing temperature, in 
this example approximately 760° C., are illustrated by 
means of FIGS. 4 and 5. 
FIG. 4 shows the light output or power (P) plotted 

against the current (I) through a radiation-emitting 
semiconductor diode comprising 9 at % aluminum in 
the approximately 0,1 pm thick active layer 3 of InAl 
GaP, of which the AlGaAs buffer layer contains ap 
proximately 25 at % aluminum, the cladding layers 2 
and 4 of InAlGaP containing approximately 35 at % 
aluminum, and which is manufactured at a growing 
temperature of 700° C. The curves 41, 42 and 43 repre 
sent the P-I characteristics at 20°, 40° and 50° C., respec 
tively. FIG. 5 shows the light output or power (P) 
plotted against the current (I) for a radiation-emitting 
semiconductor diode according to the invention whose 
structure corresponds to that of the diode of FIG. 4. 
The only differences lie in the aluminum content of the 
active layer 3, which is zero at % here, and in the fact 
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that the diode of FIG. 5 is manufactured at a growing 
temperature of 760° C. The curves 51, 52, 53, 54 and 55 
represent the P-I characteristics at 20°, 40°, 60“, 80° and 

- 90° C., respectively. The emission wavelength was ap 
proximately 650 nm for the diode of FIG. 4 as well as 
that of FIG. 5. Comparison of the characteristics of 
FIG. 5 with those of FIG. 4 shows that the former are 
much more favourable: the starting currents at 20° C. 
(curves 51 and 41) are approximately equally high, it is 
true, but the starting current increases much more 
strongly with increasing temperatures in FIG. 4 than in 
FIG. 5. Whereas a starting current of 120 mA (curve 
43) is reached in FIG. 4 as early as at 50' C., in FIG. 5 
this is not the case until at 90° C. (curve 55). So the 
radiation-emitting semiconductor diodes of FIG. 5 have 
a much higher maximum operating temperature than 
those of FIG. 4 at substantially the same wavelength as 
the diodes of FIG. 4, i.e. approximately 650 nm. This 
comparison con?rms that the presence of a buffer layer 
comprising AlGaAs with an aluminum content of at 
least approximately 9 at % renders it possible to in 
crease the growing temperature to 760° C. with favou 
rable results: a favourable result is especially the com 
paratively low emission wavelength, which is approxi 
mately 650 nm here for an active layer comprising In 
GaP, which corresponds to a photoluminescence wave 
length of approximately 640 nm (E8: 1,94 eV). It is 
further apparent that the application of aluminum in the 
active layer, while the growing temperature is kept at a 
usual value, does not constitute an equivalent possibility 
for lowering the wavelength of the emission. Although 
a laser wavelength of 650 nm is also achieved in this 
way at an aluminum content of 9 at % of the active 
layer, the P-I characteristics of such diodes are much 
less favourable. The in?uence of the aluminum content 
of the buffer layer on the crystal quality of a layer 
grown thereon is shown in FIG. 6. 
FIG. 6 shows the half-value width Ace of the 004 

re?ection in a double-crystal measurement of a semi 
conductor layer comprising indium-gallium phosphide 
and grown on a buffer layer comprising aluminum-gal 
lium arsenide as a function of the aluminum content x of 
the buffer layer, the substrate used being a (001) GaAs 
substrate. The growing temperature was 760° C. The 
broken-line curve 61 gives the development of the half 
value width Ad) in arc sec as a function of the aluminum 
content x in at % of the buffer layer. FIG. 6 shows that 
the crystal quality of such a semiconductor layer com 
prising InGaP is improved very greatly when the alumi 
num content of the buffer layer rises from approxi~ 
mately 8 to 9 at %. A similar result to that in FIG. 6 was 
found for a growing temperature of approximately 730° 
C.: an in?nitely wide re?ection was observed in the case 
of 0 and 5,6 at % aluminum in the buffer layer here, and 
a narrow re?ection was observed for an aluminum con 
tent of 6,5 at % or higher. This means that for this 
growing temperature, which is accompanied by an 
InGaP band gap of approximately 1,88 eV, the mini 
mum aluminum content of the buffer layer is approxi 
mately 6 at %. As noted earlier, a buffer layer compris 
ing less than 100 at % aluminum is preferred for practi 
cal reasons. 
The invention is not limited to the embodiments 

given here, since many modi?cations and variations are 
possible for those skilled in the art within the scope of 
the invention. Thus other compositions of the chosen 
semiconductor materials than those mentioned in the 
example may be used: radiation-emitting semiconductor 
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10 
diodes having an active layer comprising InAlGaP may 
also be used. The conductivity types may also be all 
replaced by their opposites (simultaneously). As far as 
the maximum growing temperature is concerned, it 
should be noted that an even more disorderly distribu 
tion was found at 790° C. than at approximately 760° C., 
but that problems arose concerning the morphology of 
the semiconductor layers at 790° C. The aluminum 
content of the buffer layer used during this was approxi 
mately 25 at %. Optimization of the remaining growth 
conditions and an accurate determination of the mini 
mum aluminum content of the buffer layer at higher 
growing temperatures than 760° C. yield an indication 
of the maximum growing temperature at which the 
method according to the invention can be used. 
Depending on the application, an LED version or a 

laser version of a radiation-emitting semiconductor 
diode according to the invention may be chosen. Within 
the laser version, both a gain-guided and an index 
guided structure may be used. Finally, it should be 
noted that the methods for providing the semiconduc 
tor layers used in the embodiments may also be other 
methods than the MOVPE technique. Thus, besides 
MOVPE, MOMBE (Metal Organic Molecular Beam 
Epitaxy), MBE (Molecular Beam Epitaxy). or VPE 
(Vapour Phase Epitaxy) may be used. 
We claim: 
1. A radiation-emitting semiconductor diode com 

prising 
(a) semiconductor substrate of a ?rst conductivity 

type, 
(b) a buffer layer of said ?rst conductivity type on 

said substrate, said buffer layer being aluminum 
gallium-arsenide (AlGaAs) having an aluminum 
content equal to or larger than a minimum value, 

(c) a ?rst cladding layer of said ?rst conductivity type 
on said buffer layer, said ?rst cladding layer being 
indium-aluminum gallium-phosphide (InAlGaP), 

(d) an active layer on said ?rst cladding layer, said 
active layer being one of indium-gallium-phos 
phide (InGaP) or indium-aluminum-gallium-phos 
phide (InAlGaP), 

(e) a second cladding layer of a second conductivity 
type on said active layer, said second cladding 
layer being indium-aluminum-gallium-phosphide 
(InAlGaP), 

wherein distribution of indium and gallium atoms or 
indium and gallium and aluminum atoms on lattice 
sides in said active layer and distribution of indium 
and gallium and aluminum atoms on lattice sides in 
said cladding layers have a degree of disordering 
by which the bandgap of said active layer and the 
bandgap of said cladding layers are increased, and 

wherein said minimum value of said aluminum con 
tent of said buffer layer is proportional to the de 
gree of disordering of said active and cladding 
layers. 

2. A radiation-emitting semiconductor diode accord 
ing to claim 1, wherein said minimum value of said 
aluminum content of said buffer layer is approximately 
6 atom percent, and wherein said active layer is Inna. 
9Ga0,51P and has a band gap of approximately 1.88 eV. 

3. A radiation-emitting semiconductor diode accord 
ing to claim 1, wherein said minimum value of said 
aluminum content of said buffer layer is approximately 
9 atom percent, and wherein said active layer is Inna. 
9Ga0_51P and has a band gap of approximately 1.92 eV. 
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4. A radiation-emitting semiconductor diode accord 
ing to claim 1, wherein said buffer layer has a thickness 
of approximately 0.1 to 1 pm. 

5. A radiation-emitting semiconductor diode accord 
ing to claim 1, wherein said semiconductor substrate is 
gallium arsenide (GaAs), and wherein said semiconduc 
tor substrate has a crystal orientation of (001). 

6. A radiation-emitting semiconductor diode accord 
ing to claim 1, further comprising 

a ?rst conducting layer at a side of said semiconduc 
tor substrate away from said buffer layer, and 

a second conducting layer at a surface of said second 
cladding away from said active layer, 

wherein said semiconductor substrate is gallium arse 
nide (GaAs), and 

wherein said second conducting layer includes an 
intermediate layer in contact with said second clad 
ding layer, said intermediate layer being one of 
indium-gallium-phosphide (InGaP) or aluminum 
gallium-arsenide (AlGaAs), and a contact layer of 
gallium arsenide (GaAs), said intermediate layer 
and said contact layer being of said second conduc 
tivity type. 

7. A radiation-emitting semiconductor diode accord 
ing to claim 6, wherein said second conducting layer 
includes a mesa-shaped strip being at least said contact 
layer, and wherein a third conducting layer coats said 
mesa-shaped strip and extends beyond said mesa-shaped 
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strip, said third conducting layer forming a junction to 
constitute a barrier with underlying layers. 

8. A radiation-emitting semiconductor diode accord 
ing to claim 1, wherein said active layer includes a 
multiple sub-layer structure with sub-layers of indium 
gallium-phosphide (InGaP) interspersed with sub-layers 
of indium-a1uminum~gallium-phosphide (InAlGaP). 

9. A radiation-emitting semiconductor diode accord 
ing to claim 8, wherein said InGaP sub-layers have a 
thickness lying between approximately 4 and 6 nm. 

10. A radiation-emitting semiconductor diode ac 
cording to claim 8, wherein said active layer includes 
eight sub-layers of InGaP of a thickness of approxi 
mately 5 nm alternately separated by seven sub-layers of 
InAlGaP of a thickness of approximately 4 nm, and 
wherein said ?rst and second cladding layers each in 
clude a multiple sub-layer structure, said sub-layer 
structure of each of said ?rst and second cladding layers 
adjoining said active layer having an aluminum content 
of approximately 0.25, and remaining sub-layers of said 
sub-layer structure of each of said ?rst and second clad 
ding layers having an aluminum content of approxi 
mately 0.35. 

11. A radiation-emitting semiconductor diode ac 
cording to claim 10, wherein laser light of 633 nm emis 
sion wavelength is emitted. 

12. A radiation-emitting semiconductor diode ac 
cording to claim 1, wherein said active layer is InGaP 
with a band gap of approximately 1.94 ev correspond 
ing to a laser wavelength of ‘approximately 650 nm. 

1! i # ‘I 1! 


